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REPORT No. 192.

CHARTS FOR GRAPHICAL ESTIMATION OF AIRPLANE PERFORMANCE.

By Waursr S. Dierr.

SUMDMARY.

This report, which was prepared at the request of the National Advisory Committee for
Aeronautics, contains a series of charts which were developed in the Bureau of Aeronauties of
the Navy Department in order to simplify the estimation of airplane performance. Charts
are given for estimating propeller diameter and efficiency, maximum speed, initial rate of
climb, absolute ceiling, service ceiling, climb in 10 minutes, time to climb to any altitude,
maximum speed at any altitude, and endurance. A majority of these charts are based on the
equations given in N. A. C. A. Technical Report No. 173. Plots of pressure and density against
altitude in standard air are also given for convenience. It must, of course, be understood that
the charts giving propeller diameter, maximum speed, initial rate of climb, absolute ceiling, and
speeds at altitudes are approximations subject to considerable error under certain conditions.
These particular charts should not be used as a substitute for detailed calculations when accu-
racy is required, as, for example, in military or naval proposals.

INTRODUCTION.

There is considerable need for a set of charts from which the aeronautical engineer can
readily estimate the performance of an airplane, without the necessity of detailed calculation.
It is thought that the charts which are published for the first time in this report will fill this
need.

While it is not intended that these charts supplant careful detailed calculation when great
accuracy is required, it will be found that many of them are based on exact relations. In
others the constants may be estimated with considerable accuracy or determined from free
flight test data when the effect of a change in weight or power is to be studied.

For the derivation of the equations on which these charts are based the reader is referred
to N. A. C. A. Technical Report No. 173. The equations will be given with brief explanations
in this report.

PROPELLER DIAMETER.

The first step in estimating the performance of an airplane is to estimate the maximum
propeller efficiency. For this purpose the diameter will be required. It has been shown in
N. A.C. A. Technical Report No. 178 that the diameter of the average two-bladed propeller is

(90000 HP )

where HP is the B. HP. at high speed ¥in M.P. H.and R.P. M., ¥. TUnder similar conditions
the diameter of a four-bladed propeller is 86 per cent of the diameter of a two-bladed propeller

D,=0.86 D,. (2)
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Equation (1) may easily be solved with a slide rule or by the use of a chart. The usual
method of plotting this equation is in the form of a double nomogram. In this case, however
the simple form, using gff—) as ordinates and D as abscisse, with curves of constant N is used

in Figure 1. The values of D determined by this chart are usually correct within 0.1 foot.
This accuracy is sufficient for performance calculations.
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PROPELLER EFFICIENCY.

It is shownin N. A. C. A. Technical Report No. 168 that the curve drawn through the high-

, o

est maximum efficiency at each (%) may be considered as the curve of maximum efficiency
7

against <—NI—D—) For two-bladed propellers this curve is defined by the empirical equation

0.11
772m=0.94—-—7— 3)

ND )ym

7 7
where (—A%)zm is the value of (ﬁ) at which the maximum efficiency n,m occurs. Also the

efficiency of a four-bladed propeller is, on the average, 95 per cent of the efficiency of a two-
bladed propeller, according to test data. That is

Nim=0.95 7ym. (4)

Equations (3) and (4) are plotted on Figure 2. Having given the value of (7\%) at which it is
desired that-the efficiency be a maximum, Figure 2 gives the value of this maximum efficiency.
The value of the efficiency at any other <—AT7%) may be obtained from Figure 3 by substituting the
7w just found. The derivation of this curve is given in N. A. C. A. Technical Report No. 168.
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SPEED RANGE AND MAXIMUM SPEED.

It is shown in N. A. C. A. Technical Report No. 173 that the speed range ratio of an airplane
is given by
7 K nm1/3

7‘=(Vs LA e

where Vy is the maximum speed in M. P. H., Vs the stalling speed (without power), 4. the maxi-
mum propeller efficiency, W the weight in lb and HP the maximum B. HP developed at high

speed V.
The value of K is substantially constant for any given deSIgn, and normally varies but little
from one design to another. Also it may easily be shown that K is substantially proportional

to the cube root of (%) + where (é‘) is the overall value for the airplane. A study of

test data indicates that the best average value is given by

=102 ( ) * (58)
At sea level the stalling speed Vs is given by
W
Vs
il (6)

=\ Kymsx‘S. -
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Equation (5) is plotted in Figure 4 so that the value of Vy corresponding to any normal

values of Vs, nm and HH; may be read directly. The following table gives the variation of K

with <E>m;
I
'D>m 6 7 7.5 8 8.5 9 10

18.5 19.5 20,0 20.4 20. 8 21.2 21.9
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proper value of Kﬂmé, then horizontally to maximum speed Va, as
skown by broken line.

Note.—This chart to be used when Vu>1.7Vs average valus of
Enmi=18.0.

The average value of K»'/is 19.0.

INITIAL RATE OF CLIMB.

It was demonstrated in N. A. C. A. Technical Report No. 173 that the initial rate of climb of
an airplane is given very closely by

VM)—O 27

'=33000 Vi) @Vt V) .
I 1125 ( )
HP D

where (%) is the overall (%’) for the airplane and, substantially, its maximum value for the
best climb.
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For all ordinary purposes this value will be 8.0. The following tabulation indicates varia-
tions to be expected:

Designs with very high resistance. e L{D=6.5-7.5
Average deslgns. oo e LiD=7.5—-8.5
Very clean designs . o o oo oo e L{D=8.5-9.5

Equation (7) is plotted in Figures 5 and 6. Figure 5 gives the climb corresponding to the
power-available term in (7). Figure 6 gives the correction corresponding to the power-required
term in (7). Very little practice is required to become familiar with these charts.
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F1c. 5.—Initial rate of climb for conventional airplanes. ChartI F1c. 6.—Initial rate of climb for conveational airplanes
uncorrected elimb, See Chart I for climb corrections. Direc] Chart II, climb correction. See Chart I for uncorrected
tions: Pess horizontally from W/B.HP to Vuf V., then verti. climb. Directions: Pass vertically from (2V.t Vi) to
cally to #m, then horizontslly to uncorrected climb €. Obtain overall I/D and horizontally to climb correction €. Sub-

Cy from Chart IT and subtract from C to find actual climb C. tract C:from € (Chart II) to obtain sctual climb C.
NoTtE.—Use actusl maximum B.HP. of high speed. These NoTE.~When overall ZfD is known use § for average air-
charts are based on the formula g—?sEquation n plgnes. Actual elimb= = C}— C; ft.fmin.

ABSOLUTE CEILING.

In N. A. C. A. Technical Report No. 173, it was shown that the absolute ceiling of an air-
plane was determined indirectly by the equation

L
gr, ()
HP:O- 1 I_r W -30 (8)
— Vs FP)

where HP,, and HP;, are the power available and power required at the ground. The value of
K,=61.7 originally used was based on the assumption of no decrease in engine R. P. M. with
altitude. Subsequent investigations show that for the average engine now in service, it is
advisable to assume the normal decrease in R. P. M. with altitude. The value of E, will then
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. be 61.7 and the curve of HP,,/HP,, versus Z, as in Figure 7 which is taken from N. A. C. A.
Technical Report No. 171. Combining Figure 7 and equation (8) we can plot Figure 8 giving

the absolute ceiling directly in terms of the factors ( 1 Vs =5 HP and (g)
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SERVICE CEILING.
The relation between service ceiling Zs, absolute ceiling Z, and initial rate of climb ( is:

Zs _C,—100
Z = 00 ¢ (9)

This relation is so simple that a plot is hardly required, although Figure 9 is included for the
sake of completeness.
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CLIMB IN 10 MINUTES.

The climb in 10 minutes Z,, depends upon the initial rate of climb (., and the absolute
ceiling Z,, according to the well-known equation
Ly — Zxo —-10 g’ (10)

=€
a

There are several ways of plotting this equation according to the variables used. Figure
10 is a “folded’” plot of g versus ga and Figure 11 is a plot of % versus g . These two plots

a
are very useful although they are indirect. Figures 12 and 13 are direct reading.
It should be noted that Figures 12 and 13 readily give C, and Z, for the case where only
Z,, and Z; are known, as in the ordinary tabulation of performance.

Ny 80 50 [ ——— /00 _
I! 1 "
—
.70 .40 1 |
Q|8 8.60% .30 Iy §~3 80 =
Q
S3v.s08 o <|¥ -
E 3 E.50Q,E’0 =7 S5 70 <
SI33 N N
RS g0 1004 SR 60 s
Q < e
3 . i
€ ¥ o o oz 07 o7 05 o5 o U ~
05 05 0708 “os S 4o
7L 90 0 R o o4 06,08 0.2 46 I8
Vs R - T I 7 S U Ratio= Initiol rate of climb &
Curve C Absolute ceillng — Zg

]

Ratio _ Inifial rate of climb _ G
Absolyte cellng — Z

Fi16. 10.—Relation between initial rate of climb, climb in 10 min- F1g. 11.—Climb in 10 minate as determined by initial rate of climb and

utes, and absolute ceiling. ahsolute ceiling.
/
4,
- G600 » ~.\MOOO e
[ Z R =
?0/2000 T Z Twaoao =
300@0 ! 7~ 2600 g P 1]
?EIOOOG 25000, T ho—— N 2 A0
25000 — i < 2000 B
@ b 20001 1w T
g 8800 52000 = "ooo0 g 86000 P 24000722 z’km,"ls 0
N 22000 =1 1 1—8000,] | 2 2 2
§ 6000 20000 — Tie g 6000 Eo0g 9170
Q 2000 0000 T Q /8 T5000 ¢
400 Lokg? - L i
< a 16000271125 TP g 4060 = 0350092
9 7z ote Q
£ 2000 557 £ 2000
Q A A I} 3
g 400 800 1200 1500 a 400
- inihal rate of chmb =0y — fHfmin. lnutiaf rafggg‘ CMIE%GO - ffﬁ;%?oo

Fig. 12.—Climb in 10 minutes as determined by sbsolute ceiling and  Fig. 13.—Climb in 10 minutes, from initial rate of climb and service
initial rate of climb. ceiling.



174 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.
TIME TO CLIMB TO ANY ALTITUDE.

The time to climb to any altitude Z is given by the general form of equation (10}

Za Za—-Z _ Za Za

¥

¢t will be in minutes if the altitudes are in feet and the rate of climb in ft./min. A very con-
venient plot of this equation is given in Figure 14.
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F1a. 14.—Time required to climb to altitude Z. Ze=Absolute ceiling in feet.
Ce= Initial rate of climb in ft./min,

MAXIMUM SPEED AT ALTITUDES.

The maximum speed at any altitude is given with considerable accuracy by the single
curve of V,/V, versus Z/Z, in Figure 15. The derivation of this curve will not be given at this
time but it may be easily verified by reference to any accurate performance test.
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Fia. 15.—Average decrease in maximum speed with increase in altitude.
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RANGE.
Breguet’s formula for range

L LA
E= % D logw < W (12)

where 4 =propeller efficiency,
¢=specific fuel consumption,
and W,— W,=weight of fuel consumed,
may be plotted in a convenient chart as in Figure 16. The equation for endurance is not
easily plotted and must be obtained from the formula

g AWl L 1
=750 Y15 A hours (13)
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Directions: Pass horizontally from effective fuel consumption to
(%), then vertically to (%g ). then horizontally torange as
shown by arrows on broken lines.

where V is the cruising velocity for the weight W. Note that the term g is constant at any

given angle of attack.
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STANDARD ATMOSPHERE.

For convenience. there are included herewith three charts on the standard atmosphere
adopted by the National Advisory Committee for Aeronautics and defined by Technical Report

No. 147 and Technical Note No.

99.

It will be remembered that the temperature decreases

uniformly in this standard atmosphere at the rate of 6.5° C. per 1,000 meters from 15° C.

(59° F.) at sea level to the altitude at which it is —55° C. (—67° F.).
approximateky 36,000 feet, ¢ is constant.

Above this altitude,

Therefore, below 36,000 feet

T°(C=288-0.0065 Z meters

T°F=518.6-0.003567 Z ft.

(14)

Figures 17 and 18 give the variation of p/p, and p/p, with Z while Figure 19 gives \/ Po against Z.
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